Abstract:Gel point is an important parameter of the safe pipeline transportation of the waxy crude oil, and predicting the gel point of the mixed crude oil quickly and precisely has a certain practical significance for this kind of mixed transportation. By adopting the scientific evaluation method of the prediction model, the adaptation of the Model Li Chuangwen, Model Liu Tianyou I, Model Liu Tianyou II, and Model Chen Jun to predicting the gel point of mixed crude oil transported in a certain pipeline is analyzed and compared, by which the most appropriate model for the prediction of the mixed crude oil is confirmed. It is found that Model Liu Tianyou I is most suitable for the mixed crude oil. Therefore, from the engineering point of view, for the mixed crude oil mentioned in this text, the gel point calculated by Model Liu Tianyou I has a certain reference value.
I. INTRODUCTION
The gel point is the highest temperature of crude oil losing fluidity under the test conditions, and it is an important parameter to guide the safe pipeline transportation of waxy crude oil [1] . When two components crude oil of different gel points are mixed, the gel point of mixed crude oil is usually between that of two components crude oil, and does not take a simple linear relation with the mix ratio of the two components [2] . The ratio of the two components crude oil is subject to changes with practical crude oil production and transportation. While the gel point can be measured by experiment, the testing process is relatively complicated. Therefore, a fast and accurate calculation method of the gel point of mixed crude oil has a certain practical significance for the pipeline process calculation.
II. COMMON GEL POINT PREDICTION MODEL
The existing calculation model of mixed crude oil gel point is the empirical or semi-empirical formula derived mainly by the users from inductive experimental data. The existing calculation model is often of good calculation precision for the oil sample used in modeling, but not for the other crude oil. When these models are used, it is necessary to evaluate the applicability of the models first, and select the model of higher accuracy specific to a certain research object.
The common gel point calculation models are Model Li Chuangwen [3] [4] , Model Liu Tianyou I, Model Liu Tianyou II [5] [6] and Model Chen Jun [7] . Model Li Chuangwen and Model Liu Tianyou are calculation formula gained by amending the linear model through the experimental data of crude oil and mixed crude oil in the representative single well of the various Xinjiang oil fields. When these two models are used, not only the gel point of each component crude oil but also of each twocomponent crude oil mixed in the same ratio need to be known. In the analysis of the data of gel point of mixed crude oil, Chen Jun found that the absolute value of the difference between the measured value of and the linear weighted method calculated value of the gel point of the two-component mixed crude oil correlates properly with the absolute value of the difference between the gel points of each component crude oil. Therefore, a new method of calculating mixed crude oil gel point is put forward where the gel point of components crude oil mixed in various ratios can be predicted only when the gel point of each component crude oil is known. In this paper, a model suitable for predicting the gel point of the mixed crude oil in a pipeline is selected from the above four models.
The calculation formula of each model is shown in Table I . 
In the table, T G stands for the gel point of mixed crude oil, X i stands for the mix proportion of component oil i, T i the gel point of the component oil i, T jk the gel point of components oil j and k mixed in the same ratio, n the number of component oil type, T 1/n the gel point of n kinds of components oil mixed in the same ratio.
As can be seen from the table, all the methods above have adopted a hybrid rule method. The main difference is that Bij, modified parameter of the ratio and Cij, modified parameter of mixed oil properties have different calculation methods. If Model Li Chuangwen, Model Liu Tianyou I and Liu Model Tianyou II are used, not only the gel point and the ratio of each component oil but also the gel point of any two components oil mixed in the same ratio need to be known. Nevertheless, under the condition of Model Chen Jun, the gel point of the mixed crude oil can be calculated only when the gel point and the ratio of each component oil are known.
III. PREDICTION MODEL EVALUATION METHOD

A. Evaluation index
For the screening of gel point models of mixed crude oil, the following evaluation indexes were selected.
In the formula above, T p is the measured value of gel point and T m is the calculated value of gel point.
GPD is the absolute deviation of the measured value and the calculated value of gel point. ADD, Absolute Average Deviation, is the average value of the absolute deviations calculated in n kinds of gauging points with the given model.
② Maximum Absolute Deviation（MAD）
MAD, Maximum Absolute Deviation, is maximum value of the absolute deviations calculated in n kinds of gauging points with the given model.
③ Absolute Deviation Distribution（Da） a n D a n 
（4）
Da, Absolute deviation distribution, is the ratio of the number of measuring points whose deviation exceeds a certain limit to the total number of measuring points. It is stipulated in SY / T0541-2009 "Measurement Method of Gel point of Crude Oil" that if the same operator using the same equipment in the same lab measures the same oil sample twice under the same experimental conditions, the difference between the two measuring results should not exceed 2 ℃. Therefore, na takes the measuring points where the calculation deviation of the model exceeds 2 ℃.
The above three evaluation indexes are inverse indexes, that is, the smaller the index value, the better the model.
B. Data Standardized Process
For evaluation process of the multi-index evaluation, the measurement units and the magnitude of the indexes are not the same, and the significance degree of the comprehensive evaluation of the accuracy of the models is not the same for different indexes, so the statistical index values cannot simply be added. In order to make each index value comparable, the data should be processed first, and then the appropriate method is selected to integrate data.
Data standardization is also the indexation of statistical data. The indexes of different properties directly added cannot correctly reflect the comprehensive results of different forces. Therefore changing the property of the inverse index data has to be considered first so that all the indexes have the same chemotaxis on the evaluation scheme, and then the correct result can be gained by adding the indexes. The data dimensionless processing is mainly to solve the problem of data comparability. After the chemotaxis and dimensionless processing of the data, the original data are converted into the measured values of the dimensionless indexes, that is, the index values are in the same level of magnitude, where a comprehensive evaluation analysis can be conducted.
There are many methods of data standardization. For the same chemotaxis treatment of inverse index, the threshold value method is used to deal with the data matrix formed by each model index to be evaluated to change the index property. That is, The evaluation value y ij calculated by the formula 6 decreases as x ij increases in the interval [0,1]. After the treatment of threshold value method, the three indexes, which are originally the inverse indexes, can be converted into the positive index evaluation values, and the original data can be transformed into the dimensionless index evaluation values, which can be processed by the comprehensive evaluation analysis.
C. Determining the weight of the indexes
The significance of each evaluation index varies from model evaluation to model evaluation. To reflect the difference of its function, it is necessary to make the scientific weight adjustment to the valuation indexes to ensure the rationality of the comprehensive evaluation result. The method of determining the weight of indexes mainly includes subjective weighting method and objective weighting method. The subjective weighting method adopts qualitative method, where weights are obtained by experts making subjective judgments according to experience, and then the indexes are evaluated synthetically, such as Analytic Hierarchy Process (AHP), Expert Survey (Delphi), Fuzzy Analysis, Binomial Coefficient and so forth. The advantages of these methods are that experts can determine the sequencing of the indexes more reasonably based on practical problems. The objective weighting method starts with the independent data itself, and the comprehensive evaluation is undertaken based on the correlation between the research indexes of historical data or between the indexes and the evaluation results. These methods include Maximum Entropy Technique, Principal Component Analysis, MultiObjective Planning Method, Standard Deviation method, etc. Although the evaluation results of these methods have a strong mathematical theoretical basis, the method depends heavily on the actual problem domain, versatility and participation of decision-makers are poor, and the calculation methods are more cumbersome.
Considering that the three evaluation indexes selected in this paper do not accord with the characteristics of mutual independence, Expert Survey Method in the subjective weighting method are selected to determine the index weight. It is the Absolute Deviation Distribution ( Da) among the three indexes that has the greatest effect on the model. Second only to Absolute Deviation Distribution (Da ), is the Absolute Average Deviation (AAD), and the Maximum Absolute Deviation (MAD) has the smallest effect. The weights of the three indexes are ω Da , ω AAD and ω MAD respectively, then a + 1
It is assumed that the weight of the index value that has the greatest effect on model accuracy is five times that of the least significant one, then a =5
D MAD
 
（9）
Combine the formula 7 and 8 to determine the weights of the three indexes were ω Da =0.5 ， ω AAD =0.4 ， ω MAD =0.1 respectively.
D. Multi-index comprehensive evaluation method
The Weighted Average Method is adopted to synthesize the evaluation values of the three indexes of each model. That is, the comprehensive evaluation matrix E is obtained by multiplying the data matrix Y after the index transformation and the weight matrix ωT, seen in formula 10. The descending sequencing of the comprehensive evaluation values of the matrix is accordance with the relative superiority and inferiority (sequencing) of the model accuracy.
IV. PREDICTION MODEL COMPARISON
In order to verify the calculation accuracy of the above models, gel points of 111 sets of mixed crude oil of different components and mix ratio for are tested, and the experimental results and the calculated values of the gel points of the four models are compared. The comparison results are shown in Fig.1 to Fig.4 , and the statistical results seen in Table II . According to the above-mentioned model evaluation methods and through scientific calculation, the comprehensive evaluation value of model accuracy is shown in Table Ⅲ . 
